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(13) Therefore, a solution to this problem of improving the control of the 
so ft -prog ramming current in a virtual ground arrays is needed. 



(14) 



SUMMARY OF THE INVENTION 



(15) The present invention is directed to controlling programming current in 
a virtual-ground array memory architecture. The invention consists of 
circuitry to bias the array such that no source neighbors occur during soft 
nr ^ rfl, " mi " A feature of this bias configuration is that two cells are 

soft-programmed. This dual-cell operation relies on the fact 



programming . 
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that neighbor cells will have similar electrical characteristics and will 
therefore program at a similar rate. 

(16) in one exemplary embodiment, the cells of the non~ vo latile memory array 
are programmed by a source side injection mechanism. Adjacent cells along a 
word-line share a common source line and are programmed together until one of 
the cells is verified to have the desired threshold value. The number of 
bit-lines between source lines can be as few as one, the actual drain required 
for programming. An additional means for controlling the soft -program rate is 
realized through the choice of the word-line voltage applied. 

(17) Another exemplary embodiment uses memory cells with multiple floating 
gates. In this embodiment, the floating gate transistors within a cell are 
soft programmed separately from each other, but as part of a pair formed with a 
floating gate transistor in an adjacent cell. 

(18) In any of the embodiments, more than one such pair, each from a separate 
block, may be soft-programmed simultaneously . The process can continue until 
either a first of these pairs, or until all of these pairs, no longer have both 
members of the pair over-erased. 

(19) Additional aspects, features and advantages of the present invention are 
included in the following description of specific representative embodiments, 
which description should be taken in conjunction with the accompanyinq 
drawings. 



DRAWING DESCRIPTION: 
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iznaz ror soil programming a 16wer V61tafre Is used. Instead 61 the b-lU v61ts 

used for programming information, a voltage of less than 8 volts, and generally 
in the range of 0-2 volts is used. 

(19) FIGS. 9a and 9b show dual -cell soft programming in a virtual-ground 
array 900 of dual floating gate memory cells. In FIG. 9a, the floating gate 
transistors . alpha. . sub. 0 and . alpha . . sub . 3 are being soft-programmed in a 
first group of cells along Select Line 0920. In similar manner, this can 
simultaneously be carried out in other groups of cells, such as the floating 
gates .beta.. sub. 0 and . beta. . sub. 3. Bit-line 912 is taken as the source and 
set to ground below the current limiter 931. The drains are then bit-lines 911 
and 913, which, along with the drain neighbors such as 914, are set high. The 
control gate lines 942 and 943 on the source side of each of the cells are set 
at the overdrive voltage, here taken as 12 volts. This places the floating 
gate transistors . alpha. . sub. 0 and . alpha .. sub. 3 in an analogous situation to 
the cells . alpha . . sub . 2 and . alpha . . sub . 3 of FIG. 5. By selecting Select Line 
0920, the currents 901 and 903 flow in the cells and the transistors 

. alpha. . sub. 0 and . alpha . . sub . 3 are programmed at the same time by applying the 
selected soft programming voltage along the Program Control Lines 941 and 944. 
Unlike FIG. 5, where the control gates of the cells . alpha. . sub. 0 and 
. alpha. . sub. 3 are connected, in more general embodiment the levels in lines 941 
and 944 can be set separately, although here they are taken at the same value. 

(20) As with the previous embodiment, in most cases it is preferable to 
continue the soft programming until a first one of the floating gate 
transistors in the pair verifies. Although these transistors are still in 
adjacent cells, the floating gate transistors themselves are not due to the 
intervening select transistors and the other floating gate transistors in the 
cell which are immediately adjacent to the source. These transistors will 
still be close enough so that process variations should be small, resulting in 
similar electrical characteristics and program rates. As the erase voltage 
variation along the select line will also be small over distance the order of a 
cell, both floating gate transistors in the soft programming pair will 
generally also have very similar threshold values at the end of an erase 
process and before the soft programming begins. 

(21) Once a pair has finished soft programming, another pair in the group can 
be soft programmed. When the bit-line adjacent to a bit line which was 
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